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A new technique for the study of impurity clusters in high-purity semiconductors is introduced in this letter. The advantage of the new technique is that it is isotope specific, highly sensitive, and can be used to determine the bulk distribution of the impurities and their clusters as well as the number of impurity atoms in each cluster. Application to the study of carbon clusters in high-purity Ge will be used to demonstrate the potential of the new technique.
The new method involves the use of a radioactive isotope of an impurity which is introduced into the semiconductor crystal via melt growth, epitaxial growth or other methods. A position-sensitive nuclear radiation detector is fabricated from the crystal. The impurity distribution can be determined in a highly sensitive and quantitative manner by measuring the individual decays of the radioactive impurity atoms inside the detector.
The prerequisites for applying such a technique are 1) that the semicon~ ductor material under study can be used to fabricate a position-sensitive radiation detector, and 2) that the decay products of the radioisotope of the impurity atom have a short range in the host semiconductor (e.g. alpha parti-· cles or low energy s-rays). The former requirement is readily met by germanium and silicon which are routinely.used in making various kinds of nuclear radiation detectors including position-sensitive ones. Other semiconductors such as CdTe, Hgi 2 and epitaxial GaAs have also been exploited as nuclear radiation detectors. Although less developed as detector materials compared to Ge and Si, these compound semiconductors can, in principle, be studied using this technique. In the present study, a novel position-sensitive Ge detector concept has been used. The new concept may be adaptable to other semiconductors as well.
'
-3 -The use of a radioactive tracer technique based on self-counting detectors to study the carbon concentration in high-purity Ge has been reported previously by our group. 1 In that experiment, Ge crystals were grown out of a 14 c spiked pyrolytic graphite-coated silica crucible under a hydrogen or a nitrogen atmosphere. shielded by the n contacts. Upon close approach to the p contact, the induced charges rise sharply leading to signal pulses on each of the contacts.
The time difference between.the prompt pulses and the delayed pulses is the -5 -carrier drift time. It ca~ be used to compute the position of the interaction.
In practice, since the drift time is sensitive to variations in the impurity concentration alo~g the detector and in the carrier mobility which has a strong dependence on temperature, a calibration can be used to accurately determine the actual drift time versus position relationship. The total charge induced at the p+ contact is proportional to the energy deposited in the detector by the radiation. For n-type material, the above description is still valid except the contacts and the carrier types are exchanged. In this case it is the electrons• drift along the detector midplane which is used to determine the position.
A drift chamber with this ~eometry has been fabricated from a p-type slice of the second generation 14 C-doped Ge crystal which has a net acceptor con- The detector is fully depleted at 70 V and is operated at 120 VJ The slight over voltage will not affect the internal drift field significantly except near -6 -the side contact where the drifting carriers will be collected more rapidly thus decreasing the rise time and improving timing. From this number, the total number of carbon atoms in each cluster was calculated knowing the half-life of 14 c and the ratio of C to 14 c (11.3:1) which was used in our crystal growth experiments. The fraction of the a energy spectrum falling within the electronically determined energy window was 58% and was used in the computation of the number of the carbon atoms in each cluster. The result is summarized in Fig. 3 which shows the distribution of the number of carbon atoms in each cluster along the detector. For multiple peaks that are not fully resolved, estimates were made of the ratio of the components and the contributing clusters' carbon contents. The number of clusters with carbon content lying in intervals of 5x1o 9 atoms is also plotted showing the carbon content distribution~ The smallest carbon content in a cluster that can be unambiguously recognized from the spectra is -4x1o 9 atoms. In order to lower the detection limit, the number of peaks in the time spectrum has to be reduced so that they are well separated and small peaks can be readily seen.
To accomplish this, the p+ contact was divided into three segments with a 4 mm long middle section. With the outside sections grounded, only the middle 4 mm strip of the detector contribution counts. Figure 2d is the resulting spectrum accumulated over a period of 24 days. No cluster is seen with a carbon content< 2x10 9 atoms down to the new limit.of-7x1o 8 atoms (-6x1o 7 14 c atoms). The continuum of the spectra is mainly due to dispersed and presummably atomically dissolved carbon. The decrease in count rate toward longer drift times is due to the tapered detector structure and the increase of drift . · 12 a.
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